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INTRODUCTION

In recent years a great deal of effort has been devoted to

the isolation, identification and synthesis of various purine

and pyrimidine derivatives. The occurrence of compounds of this

type in meteorites and terrestrial deposits has been investigated

because of biological significance and possible role in the

origin of 1life (1). Because the quantity of material available

is of'ten very limited, specialized techniques for separation and

detection must be used., Limited volatility of these bases makes
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gas chromatography an impractical method. A technique which has
been highly successful is that of paper chromatography. A number
of solvent systems have been described (2) for the separation of
purine and pyrimidine bases by paper chromatography. However,
the separation of complex mixtures of closely related compounds is
often incomplete, and positive identification of components may be
difficult (3). Comparisons with known compounds must be made, and
unknown compounds remain unidentified. Combination with another
technique would be useful. The combination of mass spectrometry
with paper and thin layer chromatography for other types of compounds
has been suggested but few experimental details are given (4).

We shall describe a promising technique for studying purine
and pyrimidine bases by a combination of mass spectrometry and
paper chromatography. Mass spectra of numerous bases have been
published recently (5). In general these are characterized by
simple spectra with.prominent parent ions. Thus, mass spectrometric

identification is relatively simple.

METHODS
Mass spectra were obtained with a modified (6) time-of-flight

machine (Bendix Corporation). In all experiments the same chrom-
atographic paper (Whatman 3MM) was used. All solvent systems tried
gave satisfactory results except those with strong mineral acids.

1. n-butyl alcohol - acetic acid - water (2:1:19) and (4:1:2)

2. t-butyl alcohol - methyl ethyl ketone - water - formic acid

(44:44:10:0.3)
3. n-propyl alcohol - 1M NH) OH (67:100)




Solvent systems containing 2M HC1l hydrolyzed so much paper that
satisfactory mass spectra were not obtained until samples were
purified further with another solvent system.

To test procedures authentic samples of about one microgram
were spotted on chromatographic paper and developed with a solvent.
After the paper was dried the bases were located by their
characteristic strong absorption of short wave ultra-vioclet light.
Sections of interest were cut out, placed on a microscope slide,
and extracted with water or O0.,1M HC1. (The mass spectra of the
hydrochlorides gave the same mass spectra as the free bases plus
that of HCl.) The extracts were evaporated on to thin platinum
ribbons which were then placed into the source region of the mass
spectrometer in a position close to the ionizing electron beam (6).
Mass spectra were obtained as the filaments were heated electrically
to distill the samples into the region of the ionizing electrons.
The small heat capacity of the platinum ribbon makes the temperature
instantly responsive to the applied voltage. Memory effects are
at a minimum since the filament containing the sample 1is much
warmer than the immediqte surroundings. Usually twenty or thirtj
mass spectra were obtained with an oscillographic recorder while
the entire spectrum was displayed on the screen of an oscilloscope.

In Figure 1 is shown a photograph of an oscilloscope display
of the principle peaks in the mass spectrum of xanthine (not
published previously) extracted with 0.1M HC1l from a paper developead
with n-butanol - acetic acid - H,O (2:1:1). A picture of the

background in the spectrometer taken within a second after the



filament current was turned off is shown also. It was indistinguish-
able from the background before the sample was heated. The parent
ion at mass 152 is slightly higher than the one at mass 109. At
higher filament temperatures mass 54 became prominent also. The
spectrum shown was taken with 70-volt electrons and changed

little with energy.

RESULTS AND DISCUSSION

A practical test of the method is illustrated in Figure 2.-
A solution containing one microgram of each of eight bases (adenine,
guanine, cytosine, hypoxanthine, 5-methylcytosine, thymine, uracil
and xanthine} was spotted on paper and developed in two dimensions
with two solvent systems under conditions deliberately chosen to
give incomplete separation, Spots produced by absorption of
ultraviolet light were outlined and numbered. Areas of only slight
absorption were outlined with dashed lines. The compounds |
identified mass spectrometrically in each area are given.

A solution of a mixture of the eight bases of Figure 2
(one microgram each) was evaporated directly on a filament and
analyzed mass spectrometrically. A computerized display of a fast
scan mass spectrum is shown in Figure 3. The parent ion of each
base is readily discernable. Guanine and xanthine are lower than
others because they had partially precipitated from solution. Be-
cause of the uniqueness of the mass spectra and the small samples
required, preliminary mass analyses prior to extensive separations

may be useful.



In general, excellent mass spectra were obtained for bases
extracted from paper developed with a variety of solvents (solvents
with a 2M HC1 excepted). Spectra were surprisingly free of
interferences. DPeaks at mass 64 (sog) and 48 (SO+) were always
observed from sulphite contaminants from the paper. Occasionally
traces of solvents remained which were distilled away before the
spectra of the bases appeared. The responsiveness of the system
for heating samples permitted fractionation from impurities while
the spectrum was observed on the oscilloscope.

The combination system of paper chromatography - mass spectrometry
is being used successfully to study synthetic mixtures of bases as

well as some isolated from natural products.
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FIGURE CAPTIONS

FIG. 1. Bottom.--Mass spectrum of xanthine from sample
extracted from chromatographic paper. Top.--Background

spectrum one second after turning off sample filament.

FIG. 2. Chromatogram of a mixture of eight bases.
Identification of spots by mass analysis as follows: 1.—thymine,
2.—adenine, 3.—cytosine, 5 methylcytosine, uracil, hypoxanthine,
4, —=xanthine, 5.—mno significant mass spectra, 6.—trace guanine,

7.—guanine,

FIG. 3. Mass spectrum of a mixture of eight bases.
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